In order to analyze flow behaviorof resin in the system with porous medium such as fibrous reinforcement for Structural Resin Transfer Molding (SRTM), equivalent viscosity according to a concept of homogenization methodwas introduced as an index of flow resistance. Numerical analysis using finite element method (FEM) was performed to clarify the void formation mechanism.
Introduction
A well-known problems with manufacturing methods for polymer matrix composites such as SRTM (Structural Resin Transfer Molding), SMC (Sheet Molding Compound) molding, and the autoclave process is that the finished part contains voids. The optimization of the autoclave cure cycle variables, such as temperature, pressure and time, was performed to fabricate void free composite parts (1) . For reaction injection molding (RIM) of urethane, it was reported that the voids were caused by an entrapment of air during mold filling (2) .
It is assumed that void formation mechanism for SRTM is different from that in these processes, because the impregnation behavior for SRTM can be regarded as permeation of liquid resin into porous medium. The replacement of air with the resin would be necessary for removal of the voids during the advancement of flow. In other words, how to flow the air with the resin and how to replace the air with the resin are very important to improve the impregnation property. We have investigated the serious problem how to remove the voids based on the concept that the voids are driven out with the resin flow (3) (4) . Therefore, it is necessary to understand the resin flow behavior. Proper understanding of the resin flow behavior in different conditions leads to reduction of the void content In this study, the equations governing the behavior of a fluid motion in the system with porous medium such as fibrous reinforcement for SRTM process were derived. According to a concept of homogenization method, an equivalent viscosity was introduced as an index of flow resistance. Numerical analysis using finite element method (FEM) was performed to understand the formation of voids.
Theoretical
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Assuming that the fluid is incompressible, the flow is steady, and gravitational and inertial forces are negligible, the equations of motion and the continuity equation reduce to ( au au) Utxx a' tyx P u ax +v ay =--ax+ ay ( av av) (hxy a' tyy P u-+v-= --+ --ax ay ax ay au av
In order to analyze the flow behavior in the system with porous medium, accurate modeling anisotropic reinforcement is not realistic. Flow resistance of the fluid is represented by a viscosity. However, the flow resistance increases according to the presence of reinforcement
The flow resistance can not be expressed by viscosity of resin only. Therefore an equivalent viscosity as flow resistance considering the presence of reinforcement was introduced.
The equivalent viscosity is expressed by the product of viscosity dependent on permeability and viscosity dependent on shear rate.
The viscosity dependent on permeability (p K(K» was calculated by modeling tubular flow.
The permeability can be expressed by using a porosity (E), tube diameter (d) and dimensionless constant (c) (5).
Here, the porosity is given by dimensions of rectangular shape section with a tube as shown in figure 1. 
From equations (5) and (6), the permeability is given as a function of the tube diameter.
The tube diameter equivalent to the area of this section becomes V41;l b . The range of the permeability is
Taking K, as a maximum tube diameter, K, indicates the permeability in the system without reinforcement When .u K(K) is defined as the ratio 'of K, to K(d), it is expressed as reciprocal of square of the porosity.
Substituting equation (9) into equation (4), the equivalent viscosity becomes
The viscosity dependent on permeability and the equivalent viscosity as a function of the porosity are shown in figure 2 and figure 3 , respectively. The equivalent viscosity increases because that the viscosity dependent on the permeability increases with decrease of the porosity. Viscosity dependent on permeability as a function of porosity. 
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The equations governing the behavior of a fluid motion can be derived as follows.
(13) (14)
Based on equations (13)- (15), flow behavior in the system with porous medium can be calculated by numerical analysis method such as FEM.
FEM analysis results
The concepts listed so far were applied to the analysis of the behavior of a fluid motion in 
Conclusion
It is possible to analyze the behavior of a fluid motion in the system with porous medium due to introducing equivalent viscosity as an index of flow resistance using a concept of homogenization method. Moreover, assuming that the porosity has a characteristic of
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